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* Pole or zero at origin.

* Simple pole or zero.

* Simple poles or simple zeros.

* Simple double pole(s) and simple zero(s).
* Complex zeros.

* Simple zero and complex poles.



Exercise 1: Zero and poles at origin

* For a system with the following transfer-function equation:
Gi(s) =s
* DCgainof 0 dBat ®=0rad/s.

IGl(s)Iw 0" 0=0=0dB
» Zero at origin (o = 0 rad/s):

* Gain slope of +20 dB/decade.

* Gain0(20log (1) =0dB)atm =1 rad/s.

* Phase shift at +90°.



Exercise 1: Zero and poles at origin

* For a system with the following transfer-function equation:

G()—1
2SS =3
* DCgainat ® =0 rad/s:
|G | 1 dB
= — =00 =0
2, — 070

* Pole at origin (o = 0 rad/s):
* Gain slope of -20 dB/decade.
* Gain0(20log (1) =0dB)at w =1 rad/s.
* Phase shift at -90°.



Exercise 1: Zero and poles at origin

* For a system with the following transfer-function equation:

G()_1o
3l8) = S
* DCgainat ® =0 rad/s:
|G | 10 dB
= — =00 =0
3(S)a)=0 0

* Pole at origin (o = 0 rad/s):
* Gain slope of -20 dB/decade.
* Gain 10 (20 log (10) =20 dB) at ® = 1 rad/s.
* Phase shift at -90°.



Exercise 1: Zero and poles at origin

* Gain sketches of the systems: G;(s) = s, G,(s) = 1/s, and
G;(s) = 10/s.
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Exercise 1: Zero and poles at origin

* Phase sketches of the systems: G;(s) = s, G,(s) = 1/s,
and G5(s) = 10/s.
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Exercise 1: Zero and poles at origin

* Matlab simulation of the systems: G,(s) = s, G,(s) = 1/s,
and G5(s) = 10/s
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Exercise 2: Pole at origin

* For a system with the following transfer-function equation:

100
Gyu(s) = -

* DCgainat o = 0rad/s:

1G4 ()] = =00 =0 dB
()0)—_0 0

* Pole at origin (o = 0 rad/s):
* Gain slope of -20 dB/decade.
* Gain of 100 (20 log (100) = 40 dB) at ® = 1 rad/s.
* Phase shift of -90°.



Exercise 2: Pole at origin

* Gain sketch of the system:

100
Gy4(s) = (T)

Gain (dB)

10 100 1k 10k
Angular Frequency (rad/s)



Exercise 2: Pole at origin

* Phase sketch of the system:

100
G4(s) = (T)
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Exercise 2: Pole at origin

* Matlab simulation of the system:

100
Gy(s) = T

Bode Diagram
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Exercise 3: Pole at origin with negative gain

* For a system with the following transfer-function equation:

100
Gs(s) = — -

* DCgainat ® =0rad/s:

* Pole at origin (m = 0 rad/s):
* Gain slope of -20 dB/decade.
* Gain of 100 (20 log (100) = 40 dB) at ® = 1 rad/s.
* Phase shift of +90° (0 = 180° - 90°).

Note: to cope with negative gain (<0), you just need to account for the extra 180° phase shift
associated with negative gain.



Exercise 3: Real pole at origin with negative gain

* Gain sketch of the system:

100
Gs(s) = 5
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Exercise 3: Real pole at origin with negative gain

* Phase sketch of the system:
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Exercise 3: Real pole at origin with negative gain

Matlab simulation of the system:

100
Gs(s) = ——

Bode Diagram
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Exercise 4: Real pole

* For a system with the following transfer-function equation:

Ge(s) =

* DCgainat ®=0rad/s:

s+ 20

7
Go() | _ =55 =035=—9dB

* Real pole at ® = 20 rad/s:
* Gain slope of -20 dB/decade after ® = 20 rad/s.
* Phase shift of 0° at ® =2 rad/s.
* Phase shift of 45° at ® =20 rad/s.
* Phase shift of -90° at ® = 200 rad/s.



Exercise 4: Real pole

Gain (dB)

* Gain sketch of the system:

Gs() = 5320
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Exercise 4: Real pole

Phase (deg)

Phase sketch of the system:

Gs(5) = 53209
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Exercise 4: Real pole

* Matlab simulation of the system:

Gs() = 770
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Exercise 5: Real zero

* For a system with the following transfer-function equation:
G,(s) = (s +50)
* DCgainat ®=0rad/s:

|G- (9)] =50 =34dB
w=0

* Real zero at ® = 50:
* Gain slope of +20 dB/decade after ® = 50 rad/s.
* Phase shift of 0° at ® = 5 rad/s.
* Phase shift of 45° at ® = 50 rad/s.
* Phase shift of +90° at » = 500 rad/s.



Exercise 5: Real zero

* Gain sketch of the system:

G;(s) = (s +50)
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Exercise 5: Real zero

* Phase sketch of the system:
G,(s) = (s +50)
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Exercise 5: Real zero

* Matlab simulation of the system:

G,(s)=s+50

Bode Diagram
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Exercise 6: Real poles

* For a system with the following transfer-function equation:

1
6s(5) = ¥ D05+ 20

* DCgainat ® =0 rad/s:

6@l =0.025 = —32 dB

=0 (2)(20)

* First real pole at ® = 2 rad/s:

Gain slope of 20 dB/decade after » = 2 rad/s.
Phase shift of 0° at ® = 0.2 rad/s.
Phase shift of -45° at ® =2 rad/s.
Phase shift of -90° at ® = 20 rad/s.



Exercise 6: Real poles

* Second real pole at ® = 20 rad/s:
* Gain slope of 20 dB/decade after ® = 20 rad/s.
* Phase shiftof 0° at ® =2rad/s
* Phase shift of -45° at ® = 20 rad/s.
* Phase shift of -90° at ®» = 200 rad/s.



Exercise 6: Real poles

Overall gain of the system:

1
Gs(S) = ¥ D0 1 20)

DC gain of 0.025 (=-32 dB) at ® = 0 rad/s.

Gain slope of -20 dB/decade after ® = 2 rad/s.
Gain slope of -40 dB/decade after ® = 20 rad/s.



Exercise 6: Real poles

* Overall phase shift of the system:

1
Gs(S) = ¥ D0 1 20)

* Phase shift of 0° at ® = 0 rad/s.

* Phase shift of -45° at ® =2 rad/s

* Phase shift of -90° after ® =20 rad/s

* Phase shift of -135° at ® = 20 rad/s.

* Phase shift of -180° after ® = 200 rad/s.



Exercise 6: Real poles

* @Gain sketch of the system:

1
Ge(s) = (s+2)(s+20)
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Exercise 6: Real poles

* Phase sketch of the system:

1
Ge(s) = (s+2)(s+20)
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Exercise 6: Real poles

Matlab simulation of the system:

1
Ge(s) = (s+2)(s+20)

Bode Diagram
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Exercise 7: Real pole and zero

* For a system with the following transfer-function equation:

* DCgainat o =0rad/s:

—100—20—26dB
=0 (5

* Real pole at ® =5 rad/s:

6O

* Gain slope of -20 dB/decade after » = 5 rad/s.
* Phase shift of 0° at ® = 0.5 rad/s.

* Phase shift of -45° at ® = 5 rad/s.

* Phase shift of -90° at ® = 50 rad/s.



Exercise 7: Real pole and zero

* Real zero at ® = 100 rad/s:

Gain slope of +20 dB/decade after & = 100 rad/s.
Phase shift of 0° at ® = 10 rad/s.

Phase shift of +45° at ® = 100 rad/s.

Phase shift of +90° at ® = 1000 rad/s.



Exercise 7: Real pole and zero

Overall gain of the system:

* DCgain of 20 (= 26 dB) at ® = 0 rad/s.
* Gain slope of -20 dB/decade after m = 5 rad/s.
* Gain slope of 0 dB/decade after & = 100 rad/s.



Exercise 7: Real pole and zero

* Overall phase shift of the system:

* Phase shift of 0° at ® = 0 rad/s.

* Phase shift of -45° at ® = 5 rad/s.

* Phase shift of -90° after ® = 50 rad/s.
* Phase shift of -45° at ® = 100 rad/s.

* Phase shift of 0° after ® = 1000 rad/s.



Exercise 7: Real pole and zero

* @Gain sketch of the system:

Go(5) (s +100)
S) =
? (s+5)
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Exercise 7: Real pole and zero

* Phase sketch of the system:

= P AR
@ bododd bbb
o P _deemrihn
@ i ' R
[72] ' I IR
m 1 1 1 N
- i IREEE
o S IR PSR L L
100m 1 10 100 1k 10k

Angular Frequency (rad/s)



Exercise 7: Real pole and zero

* Matlab simulation of the system:

Ga(s) = (s +100)
o TG+
Bode Diagram
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Exercise 8: Real double poles and zero

* For a system with the following transfer-function equation:

gy = (5 +100)
10(5) - (S+5)2
* DCgainat ® =0 rad/s:
|G(s)| _ 100 =4=12dB
O

* Real double poles at ® =5 rad/s:
* Gain slope of -20 dB/decade after o = 5 rad/s.
* Phase shift of 0° at ® = 0.5 rad/s.
e Phase shift of -90° at ® = 5 rad/s.
* Phase shift of -180° at ® = 50 rad/s.



Exercise 8: Real double poles and zero

Real zero at ® = 100 rad/s:

* Gain slope of +20 dB/decade after ® = 100 rad/s.
* Phase shift of 0° at ® = 10 rad/s.

* Phase shift of +45° at ® = 100 rad/s.

* Phase shift of +90° at » = 1000 rad/s.



Exercise 8: Real double poles and zero

* OQverall gain of the system:

(s + 100)
Gio(s) = G192

* DCgainof 4 (=12 dB)at ® =0 rad/s.
* Gain slope of -40 dB/decade after ® = 5 rad/s.
* Gain slope of -20 dB/decade after ®» = 100 rad/s.



Exercise 8: Real double poles and zero

* Overall phase shift of the system:

(s + 100)
Gio(s) = G152

* Phase shift of 0° at ® = 0 rad/s.
* Phase shift of -90° at ® = 5 rad/s.

* Phase shift of about -90° to -180° around ® = 10
rad/s and ® = 50 rad/s.

* Phase shift of -135° at ® = 100 rad/s.
* Phase shift of -90° after ® = 1000 rad/s.



Exercise 8: Real double poles and zero

Gain (dB)

Gain sketch of the system:

Gro() (s +100)
S) =—F————5
10 (s+5)?
0 F~2 SR o
20 :\ T 'I"'i“:':':'l.":f:
20 1 S N
" H G
-60 |
-80 |
-100
100m 1 10 100 1k

Angular Frequency (rad/s)

10k



Exercise 8: Real double poles and zero

Phase (deg)

Phase sketch of the system:

(s + 100)
Gio(s) = G152
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Exercise 8: Real double poles and zero

Matlab simulation of the system:

(s +100)
Gio(s) = GE5Z

Bode Diagram
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Exercise 9: Complex zeros

* For a system with the following transfer-function equation:
G11(8)=(s+3+j4)(s+3—j4)
* DCgainat® =0rad/s:
|G11(s)]

* A pair of complex zeros at ® =3 +j4 and 3 - j4 rad/s:

= (5)(5) = 25 =28dB
0= OB

* Gain slope of +40 dB/decade after ® = 5 rad/s.
* Phase shift of 0° at ® = 0.5 rad/s.

* Phase shift of -90° at ® = 5 rad/s.

* Phase shift of +180° at » = 50 rad/s.



Exercise 9: Complex zeros

* Gain sketch of the system:

G11(8)=(s+3+j4)(s+3—j4)
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Exercise 9: Complex zeros

* Phase sketch of the system:
G11(8)=(s+3+j4)(s+3—j4)
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Exercise 9: Complex zeros

* Matlab simulation of the system:

G11(8)=(s+3+j4)(s+3—j4)

Bode Diagram
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Exercise 10: Complex poles and real zero

For a system with the following transfer-function equation:

~ (s + 100)
620) = T DG+ 3-8

DC gain at ® = 0 rad/s:

G =4=12dB
61

=0 (50

Complex poles at ® = -3 - j4 and -3 + j4 rad/s:

Gain slope of -40 dB/decade after ® = 5 rad/s.
Phase shift of 0° at ® = 0.5 rad/s.

Phase shift of -90° at ® = 5 rad/s.

Phase shift of -180° at ®» = 50 rad/s.



Exercise 10: Complex poles and real zero

Real zero at ® = 100 rad/s:

Gain slope of +20 dB/decade after ®» =100 rad/s.
Phase shift of 0° at ® = 10 rad/s.

Phase shift of +45° at @ = 100 rad/s.

Phase shift of +90° at » = 1000 rad/s.



Exercise 10: Complex poles and real zero

* OQverall gain of the system:

(s+100)
(s+3+j4)(s+3—j4)
* DCgainof 4 (=12 dB) at ® = 0 rad/s.

G12(s) =

* Gain slope of -40 dB/decade after o = 5 rad/s.
* Gain slope of -20 dB/decade after & = 100 rad/s.



Exercise 10: Complex poles and real zero

* Overall phase shift of the system:

(s +100)
(s+3+j4)(s+3—j4)
* Phase shift of 0° at ® = 0 rad/s.

G12(8) =

* Phase shift of -90° at ® = 5 rad/s.

* Phase shift of about -90° to -180° around ® = 10 rad/s
and ® =50 rad/s.

* Phase shift of -135° at ® = 100 rad/s.
* Phase shift of -90° after = 1000 rad/s.



Exercise 10: Complex poles and real zero

* Gain sketch of the system:
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Exercise 10: Complex poles and real zero

* Phase sketch of the system:

(s + 100)
G12(s) = (s+3+4)(s+3—j4)

1
(si‘-l—*:.3\5+:j:4)(s + 3= ]4.
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Exercise 10: Complex poles and real zero

* Matlab simulation of the system:

6s) (s + 100)
12(8) = ; -
(s+3+j4)(s+3—j4)
Bode Diagram
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